Glycosomes are peroxisome-related organelles that compartmentalise the glycolytic enzymes 28 in kinetoplastid parasites. These organelles are developmentally regulated in their number 29 and composition, allowing metabolic adaptation to the parasite's needs in the blood of 30 mammalian hosts or within their arthropod vector. A protein phosphatase cascade regulates 31 differentiation between parasite developmental forms, comprising a tyrosine phosphatase, 32
4 Introductionanalysed at time points after exposure of stumpy form parasites to 6mM cis-aconitate in vitro. 157 Figure 2A , B demonstrates that the periflagellar pocket staining of TbPIP39 was detectable at 158 0, 20 and 60 minutes following exposure to cis-aconitate, but was lost beyond that point. 159
Conversely, a punctate glycosomal signal for TbPIP39 that co-localised with gTIM was 160 detectable by 20 minutes, such that both a glycosomal and periflagellar location was present 161 for TbPIP39 at this early time point. At 60 minutes the periflagellar staining was still 162 detectable on some cells but the glycosomal staining was more emphasised and beyond this 163 timepoint, the staining was mainly glycosomal. 164
To quantitate the redistribution of the TbPIP39 signal, 250 cells were scored at each 165 time point after exposure to cis-aconitate and the parasites assayed for signal either at the 166 periflagellar pocket region alone, at the periflagellar pocket region and glycosomes or in 167 glycosomes alone. Figure 3A demonstrates that there was a transition during differentiation, 168 with a predominantly glycosomal signal evident at 30 minutes and beyond in the 169 differentiation time course. In contrast, parasites maintained in vitro at 27 o C without cis-170 aconitate retained the signal close to the flagellar pocket, although there was also some 171 glycosomal staining evident in some (20-50%) of the cells at 20 minutes and beyond. 172
However, few (5%) cells exhibited only glycosomal staining, unlike when differentiation was 173 stimulated with cis-aconitate, where >95% exhibited exclusively glycosomal location at 24h. 174
A global Pearson correlation analysis of parasites undergoing differentiation demonstrated 175
that the colocalization of TbPIP39 and gTIM increased from around 30% at 30 minutes to 176 nearly 80% at 120 minutes, highlighting the rapidity of the redistribution. In contrast, in the 177 absence of cis-aconitate, the correlation never exceeded 40% ( Figure 3B ). The correlation 178 between aldolase and gTIM in the same analysis in contrast was consistently above 80% 179 To examine the unusual periflagellar pocket location of TbPIP39 in stumpy forms more 186 closely, we carried out confocal microscopy to visualise the three-dimensional distribution of 187
TbPIP39 at 30 minutes after exposure to cis-aconitate. Figure 3C shows the concentration of 188 the TbPIP39 around the flagellar pocket of the cell. As expected at 30 minutes after exposure 189 to cis-aconitate, TbPIP39 was also detected in the glycosomal material anterior of the 190 nucleus. Cells were also examined by deconvolution fluorescence microscopy after labelling 191 for TbPIP39 and the lysosomal marker, p67 ( Figure 4A ). This again demonstrated the 192 periflagellar pocket location of TbPIP39 but revealed that the signal was not evenly 193 distributed around the flagellar pocket periphery but rather concentrated at discrete foci 194 around the pocket. Furthermore, in cells where the flagellar pocket was collapsed during 195 fixation, the TbPIP39 focused to a tight point supporting the distribution of the signal around, 196 not in the flagellar pocket ( Figure 4B ). The site of TbPIP39 localisation was also investigated 197 by immunoelectron microscopy ( Figure 5A -E). Although signal was not abundant we were 198 able to detect clusters of TbPIP39 labelling within the lumen of membrane bound structures 199 and at vesicle membranes distinct from the flagellar pocket membrane and close to 200 glycosomes in this region of the cell. 201
Finally, to evaluate whether the periflagellar pocket location of TbPIP39 was an 202 artefact of indirect immunofluorescence we generated cell lines with TbPIP39 fused to 203 mNeon ( Figure S1A ) and used live cell imaging to detect the fluorescent protein in stumpy 204 forms the fluorescent protein localised at the same periflagellar pocket site as previously 206 visualised by immunofluorescence microscopy, a profile also seen with a YFP-TbPIP39 207 fusion protein (shown later in Figure 7C ). Moreover, the signal redistributed to glycosomes in 208 parasites exposed to cis-aconitate for 2 h, and 24 h (movie S1B, movie S1C). 209
Combined our results demonstrated that TbPIP39 was positioned close to, but not in, 210 the flagellar pocket of the stumpy form parasites and distributed to glycosomes within 1-2h 211 of the initiation of their differentiation to procyclic forms. 212
213

Glycosomal dynamics during differentiation upon TbPIP39 depletion 214 215
During differentiation between stumpy forms and procyclic forms there is turnover of 216 the glycosomal population presumably contributing to the metabolic adaptation of the 217 parasites as they enter the tsetse fly. To determine whether TbPIP39 recruitment contributed 218 to the control of glycosomal turnover and maturation during differentiation, we analysed the 219 distribution of glycosomal aldolase and the lysosomal marker p67 during differentiation with 220 TbPIP39 either depleted or not by RNAi. Previously, lysosomal and glycosomal staining 221 patterns during differentiation have been subjectively categorised according to the 222 distribution of aldolase and p67 in several cytological subtypes (A-E)(23). To determine if 223 glycosomal/lysosomal dynamics were perturbed by reduced TbPIP39 recruitment during 224 differentiation, pleomorphic T. brucei EATRO 1125 AnTat1.1. 90:13 bloodstream form 225 parasites -competent for stumpy formation and inducible RNA interference -were generated 226 able to deplete TbPIP39 under doxycycline regulation. When grown in mice provided either 227 with or without doxycycline in their drinking water, uniform populations of stumpy forms 228 were generated where TbPIP39 mRNA was targeted for RNAi, or not. In mice, the low levels 229 stumpy forms occurred, as previously seen (18). However, when these stumpy form 231 populations were induced to differentiate to procyclic forms with cis-aconitate, the normal 232 increase of TbPIP39 levels was not observed over 24h, supporting RNAi mediated depletion 233 during differentiation ( Figure 6A ). Over this period, procyclin expression occurred but was 234 less efficient than in uninduced parasites, highlighting delayed or reduced differentiation with 235 a reduction in TbPIP39, as previously reported (18). 236
To determine the consequences of TbPIP39 RNAi for the glycosomal and lysosomal 237 configurations, cells were assayed during differentiation for the abundance of each 238 glycosomal/lysosomal category ( to E) subjectively defined by (23) ( Figure 6B ). We A 239 observed no clear change in the distribution of the glycosome and lysosomal signal either in 240 the presence or absence of cis-aconitate, or when TbPIP39 was depleted or not. The 241 differentiated cells were also allowed to proliferate as procyclic forms for five days after the 242 initiation of differentiation with TbPIP39 RNAi depletion maintained or not with 243 doxycycline. Figure 6C demonstrates that although TbPIP39 remained significantly reduced 244 with RNAi induction in the differentiated procyclic cells, these grew at an equivalent level to 245 cells where TbPIP39 was not depleted. 246
We conclude that preventing the accumulation of TbPIP39 by RNAi does not 247 significantly alter the changes in the glycosomal dynamics during differentiation from 248 stumpy forms to procyclic forms. Moreover, differentiated procyclic forms do not require 249 abundant TbPIP39 to sustain in vitro growth. Instead the dominant function of TbPIP39 250 under the growth conditions used appears to be restricted to regulating the efficiency of 251 differentiation between bloodstream and procyclic forms. 252 253 TbPIP39 is negatively regulated by the tyrosine phosphatase TbPTP1 that acts as an inhibitor 256 of differentiation in stumpy forms. Previously, TbPTP1 had been difficult to localise using 257 antibody specific for that molecule (16), and so we clarified its localisation with respect to 258 TbPIP39 using an inducible N-terminally Ty1 epitope tagged copy ( Figure 7A ). Here, 259
TbPTP1 was detected at the discrete periflagellar pocket location, with TbPIP39 co-labelling 260 confirming that the location of the two signalling phosphatases was coincident in stumpy 261 forms ( Figure 7B ). After 1h exposure to cis-aconitate, TbPIP39 relocated to glycosomes as 262 seen earlier, whereas TbPTP1 became more diffuse at the periflagellar pocket site and by 4 h 263 the signal was distributed throughout the cell body in the differentiating cells. 264
The TbPIP39/TbPTP1 node was also similar to the location of REG9.1, a regulator of 265 stumpy specific transcripts previously observed at the periflagellar pocket region of stumpy 266 forms, in addition to along the flagellum or FAZ (26). Therefore, we colocalised REG9.1 267 with TbPIP39 using a REG9.1 specific antibody and YFP-tagged TbPIP39 during 268 differentiation and observed redistribution form the periflagellar pocket node to the 269 cytoplasmic distribution previously in stumpy forms within 4 h ( Figure 7C ). Hence, 270
TbPTP39, TbPTP1 and REG9.1 are all colocalised in stumpy forms at the same cellular site 271 before their redistribution and separation at the onset of differentiation. 
body. 288
To explore the association of TbPIP39 and TbVAP at this periflagellar pocket 289 location in more detail, we exploited CRISPR to delete the TbVAP gene in pleomorphic 290 bloodstream form trypanosomes (24). Thus, the Cas9 expressing cell line T. brucei EATRO 291 1125 AnTat90:13 J1339 (25) was transfected with repair templates targeted to the TbVAP 292 gene genomic location, and mutants were isolated ( Figure S2A ). The resulting cell lines were 293 found to retain a TbVAP gene copy despite their successful insertion of the drug resistance 294 gene ( Figure S2B) ; further attempts to delete the remaining allele were unsuccessful. These 295 TbVAP depleted cells exhibited stumpy formation in vivo with similar kinetics as wild type 296 cells ( Figure 8B ) allowing the location of TbPIP39 and its relocation after the initiation of 297 differentiation to procyclic forms to be assayed. 298
In TbVAP single KO stumpy forms, TbPIP39 was detected at the periflagellar pocket 299 location, similar to that seen in wild type parasites. Correspondingly, when cells were 300 induced to differentiate to procyclic forms with cis-aconitate, TbPIP39 relocated to 301 glycosomes and the cells expressed procyclin, indicating that TbVAP depletion did not alter14 single KO cells were analysed after 24h in differentiation conditions (i.e. with cis-aconitate) 304 the parasites appeared enlarged and rounded and were dying, unlike wild type parasites at this 305 time point ( Figure 8C ) (mean=82% from an analysis of three independent null mutant lines, 306 versus 13% and 14% in the parental and VAP-Ty1 line, respectively, n=250 cells per sample; 307 Figure 8D ). Thus, both alleles of TbVAP are necessary for the viability of differentiating 308 cells, but not for the normal relocation of TbPIP39 early in the process. 309 310 311 transition from the blood of mammalian hosts to the midgut of the tsetse fly. We have shown 315 previously that two phosphatases are important in the signalling of the changes from one 316 environment to the next, TbPTP1 and TbPIP39. Of these TbPIP39 is glycosomal in procyclic 317 forms, signalled through its C terminal PTS 1. Here we show that when first made in stumpy 318 forms, TbPIP39 is not glycosomal but rather is localised at a periflagellar pocket region of 319 the parasite where it colocalises with the differentiation inhibitor, TbPTP1. However, upon 320 reception of the differentiation signal TbPIP39 is rapidly (within approximately 20 minutes) 321 relocated into glycosomes, whereas TbPTP1 becomes dispersed to a non-glycosomal, 322 possibly cytosolic site. It is also coincident with the location of a regulator of stumpy form 323 transcripts, REG9.1. Interestingly, this periflagellar pocket site is close to the specialised 324 FAZ endoplasmic reticulum, defined by TbVAP, that may represent a site of glycosomal 325 biogenesis in the differentiating cells. We propose this molecular node comprising TbPIP39, 326
TbPTP1 and REG9.1 generates a 'stumpy regulatory nexus' (STuRN) where the events 327 initiating differentiation between bloodstream and procyclic forms occur. 328
The biogenesis of peroxisomes and glycosomes can involve new organelles that arise 329 from pre-existing peroxisomal/glycosomal structures or de novo synthesis from the 330 endoplasmic reticulum. However, in eukaryotes subject to environmental change, peroxisome 331 composition can be modulated to allow metabolic adaptation, and this can be achieved by de 332 novo loading from the ER (27) as well as the growth and division of existing glycosomes. 333
The dynamics of environmental adaptation in procyclic form parasites have been analysed 334 both during differentiation and upon exposure of procyclic forms to low and high glucose 335 concentrations. In differentiation, autophagy is considered important due to the co-336 co-association between the lysosomal marker p67 and glycosomal aldolase during 339 synchronous differentiation, at least in the first 2 hours. In contrast, TbPIP39 relocated from 340 the STuRN to glycosomes within 20 minutes, this region being neither the flagellar pocket 341 lumen or the flagellar pocket membrane. Instead the STuRN was adjacent to a specialised 342 region of the endoplasmic reticulum that has been visualised by electron tomography of 343 procyclic forms cells (22) and is also the site of ER concentration in procyclic forms in low 344 glucose. In this region of the cell, ER is associated with both the flagellar pocket and 345 flagellum attachment zone, the region being defined by TbVAP, an orthologue of VAMP 346 associated protein. This molecule is proposed to co-ordinate ER in this region of the cell 347 through linking the specialised four microtubules positioned at the flagellar pocket region of 348 the cytoskeleton to the endoplasmic reticulum or controlling interaction between central ER 349 and the flagellar pocket associated ER. In a previous study, procyclic form viability was not 350 compromised by efficient RNA interference targeting TbVAP suggesting that it is not 351 essential or that significant depletion of its protein levels after RNA interference does not 352 compromise cell viability and replication. By CRISPR/Cas9 mediated gene deletion we also 353 found that bloodstream forms were viable after the deletion of one allele although both alleles 354 could not be deleted. This may reflect that the protein is essential, contrasting with RNAi-355 depletion experiments, although technical reasons cannot be excluded. Interestingly, however 356 the TbVAP single KO mutants -although able to initiate differentiation between stumpy and 357 procyclic forms -lost cell integrity after 24h, and appeared swollen and balloon like. This 358 suggests that the levels of this molecule are important during differentiation. 359
Our data invoke a model where in stumpy forms TbPIP39 is poised for glycosome 360 recruitment through its recruitment to the STuRN in a pre-glycosomal concentration similar 361 activity. With the initiation of differentiation however, TbPTP1 is inactivated and the 363 TbPIP39 protein is activated by phosphorylation through the activity of an -as yet-364 unidentified kinase and assembled into glycosomes where it can no longer be accessed by 365
TbPTP1. Removing the inhibitor TbPTP1 from its substrate, TbPIP39, renders the 366 differentiation signalling irreversible -a commitment event that has been mapped to 367 approximately 1 hour after exposure to citrate/cis-aconitate (18, 28) 
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Cell lines and culturing in vitro 404
Pleomorphic Trypanosoma brucei EATRO 1125 AnTat1.1 90:13 (TETR T7POL NEO HYG) 405 (19) and EATRO AnTat 1.1 J1139 (25) parasites were used throughout. 406
Pleomorphic bloodstream and double marker 29-13 procyclic form trypanosomes (34) were 407 cultured in vitro in HMI-9 (35) medium at 37 o C 5% CO2 or in SDM-79 (36) medium at 27 o C 408
respectively. 409
The following selective drugs were used: 410 Hygromycin (2.5 G/mL), Puromycin (0.5 G/mL) and Blasticidin (2.5 G/mL). 411
412
In vivo studies 413
Trypanosome infections were carried out in female healthy outbred MF1 mice at least 10 414 weeks old, immunocompromised with 25mg/ml cyclophosphamide delivered 415 intraperitoneally 24 h prior to trypanosome infection. 
Generating endogenously tagged and knockout TbVAP pleomorph cell lines 459
The LeishGEdit program was used (24) to design oligonucleotide primers (Table S1 Primers Several TbVAP knockout cell line candidates were isolated, and genomic DNA were purified 467 (QIAGene GenomicDNA kit). The genomic DNAs were used in PCR reactions to confirm 468 the presence of the Blastocidine drug resistance cassette (replacing the endogenous TbVAP) 469 (Table S1 primers 7-10) and also the lack of the endogenous TbVAP gene (Table S1 primers 470 14-15). TbPIP39 RNAi lines were described in (17 
Confocal imaging 759 760
Confocal imaging used a Leica SP5 confocal laser scanning microscope, using 63x oil 761 immersion objective (NA = 1.4) and 4.2x digital zoom. The green channel was imaged using 762 a 488-nm argon laser, and the red channel was imaged using a 543-nm helium/neon laser. 763
The final image was acquired using Volocity Software (www.perkinelmer.co.uk) version 4.4. 764 3D fluorescence microscopy was performed using a fully automated Leica DMI6000B 765 For studying stumpy to procyclic form differentiation by live cell microscopy 25 µL of 797 pH7.6, 0.6 M, filtered cis-aconitate was added to 2.5 ml of stumpy culture (4x10 6 /ml) to 798 induce differentiation. Instruments) and allowed to polymerise at room temperature. Cells were viable in the 810 hydrogel for at least 60 minutes (Glogger et al., 2017) . In the experiments for this work, the 811 hydrogel concentration was chosen so as to prevent translocation of cells, but still allow 812 flagellar movement. As a control, 100 µL of the induced culture was taken and spun at the 813 same speed and time as the immobilised sample. The cell pellet was carefully resuspended in 814 1.9 ml of warm TDB (2x10 5 /ml) and was used to overlay the hydrogel droplet containing cis-815 aconitate induced stumpy cells. 816
Live imaging was performed with a Leica DMI6000B fully automated inverse microscope 817 shifted time series could be overlaid using Fiji (Fig. S1B, 0h) 
